Hyperfine interaction constants and hyperfine components of Mn i lines in the nearinfrared J and H bands were obtained by fitting the solar spectrum. I identified the 17744-Å solar absorption line as resulting from Mn i, and I discarded the identifications of the 13281.65-Å and 16929.85-Å solar features as a result of Fe i and Mn i, respectively.
INTRODUCTION
Mn i shows a large hyperfine structure (HFS) owing to the interaction of the electronic (J ) and nuclear (I) angular momenta. The complex profiles have been studied mainly in the ultraviolet and optical regions but not extensively in the infrared region. In the J (1.00 -1.34 µm) and H (1.49 -1.80 µm) bands of the solar spectrum there are several Mn i lines (Livingston & Wallace 1991) which show clearly wide hyperfine profiles. Abt (1952) showed that the profiles and strengths of Mn i stellar absorption lines depend on the HFS. Booth & Blackwell (1983) found that even for weak lines errors of 0.1 dex are possible when HFS is neglected. Hence, it is very important to consider HFS for accurate abundance analysis. The most extensive laboratory work to measure HFS of Mn i lines was carried out by Booth, Shallis & Wells (1983) , but unfortunately their measurements only cover ultraviolet and optical lines.
I intend to carry out near-infrared (1-2 µm) spectroscopic observations of metal-rich stars in the Galactic bulge. The infrared region offers the best option to study these very reddened stars because of the high extinction in the optical region. Owing to the lack of HFS data for the Mn i infrared lines, I decided to obtain the HFS components in order to carry out accurate spectroscopic work in the J and H bands.
In Section 2 the hyperfine components are derived, in Section 3 the spectrum synthesis calculations are described and finally the summary of the results is presented in Section 4.
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HYPERFINE COMPONENTS
The energy hyperfine splittings (∆EF ) were obtained from the magnetic dipole (A) and electric quadrupole (B) interaction constants (e.g. Emery 1996):
where C = F (F + 1) − J(J + 1) − I(I + 1) and F = J + I, J + I − 1, ..., |J − I|. For Mn the nuclear spin is I = 5/2.
The interaction constants were taken from White & Ritschl (1930) , Handrich, Streudel & Walther (1969) , Luc & Gerstenkorn (1972 ), Beynon (1977 , Dembczynski et al. (1979) , Kronfeldt et al. (1985) , Brodzinski et al. (1987) , the unpublished results of Guthröehrlein (as given in Brodzinski et al. 1987) , and the theoretical values calculated by Per Jönsson (private communication). Jönsson's values are shown in column 3 of Table 11 , they were kindly calculated by him using the GRASP relativistic code (Jönsson, Parpia & Froese Fischer 1996) .
From the splittings levels (∆EF ) I computed the wavenumbers of the components using the selection rules ∆F = -1, 0, +1. The air wavelengths were obtained from the wavenumbers using the dispersion formula of Edlén (1966) . The relative intensities of the components, S F F ′ , were calculated using the formula (e.g. Emery 1996) S F F ′ = (2F + 1)(2F ′ + 1) F F relative positions and intensities of the components, with respect to the main (strongest) hyperfine component, are given in Tables 2-10 and displayed with vertical lines in Figs 1-3.
SPECTRUM SYNTHESIS
The code for spectrum synthesis was described by Barbuy (1981 Barbuy ( , 1982 . The synthetic spectrum was calculated with the local thermodynamic equilibrium (LTE) approximation, in successive steps of 0.02Å in wavelength and convolved with an instrumental profile. A solar model, interpolated in the unpublished grids of model atmospheres by B. Gustafsson, was adopted. The convective fluxes of Gustafsson's models were evaluated using the variant of the mixing-length theory given by Henyey, Vardya & Bodenheimer (1965) . Details of the model atmospheres are given by Gustafsson et al. (1975) . The adopted solar abundances were those reported by Grevesse, Noels & Sauval (1996) , AMn = 5.39 ± 0.03 dex.
It is important to consider collisional broadening by hydrogen atoms in the Mn i lines because it could affect the determination of hyperfine constants from the solar spectrum. The van der Waals line broadening is given by γ6/NH = 17v 3/5 C 2/5 6 (Allen 1955) where v is velocity, NH is the number density of hydrogen and C6 is the interaction constant for collision broadening. C6 was computed by using the tables of accurate line broadening cross-sections σ of Anstee & O'Mara (1995) , Barklem & O'Mara (1997) and Barklem, O'Mara & Ross (1998) , for transitions between states s-p/p-s, p-d/d-p, and d-f/f-d, respectively. These tables give σ in terms of the effective principal quantum numbers (n * ) of the upper and lower states of the transition. The obtained C6 values for the Mn i lines are given in Table  1 among other atomic data.
Atomic (mainly Fe) and CN lines, blended with the Mn i lines, were also included in the calculations. Details about the molecular and atomic infrared line lists are given in Meléndez & Barbuy (1999) .
The solar identifications of the Mn i lines were taken from Livingston & Wallace (1991) , unless it was established to the contrary. The solar spectrum considered for the comparison with the synthetic spectrum was that given by Livingston & Wallace (1991).
The 12899-, 13293-, 13319-and 17744-Å lines
These lines were well reproduced with the laboratory interaction constants given in the literature, and I only needed adjust the oscillator strength empirically until the synthetic spectrum matched the solar spectrum. However, it was necessary to correct wavelength positions using the solar spectrum, not only for these lines, but also for all the lines in this paper. Taklif (1990) found differences between measured and predicted wavenumbers of fine structure components. He suggested further work on checking the accuracy of some energy levels.
In Fig. 1 the fittings are shown and in Table 1 the obtained solar wavelengths and log(gf ) values for the main hyperfine components are given. The wavelength positions and oscillator strengths of the others HFS components could be obtained using the relative positions and intensities given in Tables 2-10 . From the fittings, I estimated that the errors for the gf values, given in Table 1 , are less than 0.05 dex (without including the error in the assumed abundance).
The 12899-and 13319-Å lines have central depths (d = 1 − I line /Icont) of about 0.5 and are affected by NLTE effects, for this reason the observed profile is slightly deeper than the synthetic one.
The 17744-Å line was identified by myself using the laboratory line list of Taklif (1990) . This line shows the widest separation between hyperfine components (2Å). Some part of the solar spectrum that is affected by telluric absorption was not recovered, but the fitting was satisfactory.
The 12976-and 13281-Å lines
In the case of the 12976-and 13281-Å lines (Fig. 2) , I needed to make a correction to the experimental A hyperfine interaction constants in order to reproduce the solar line profiles. The upper levels laboratory A values are highly accurate and therefore were maintained fixed while the lower levels A values were adjusted until the synthetic spectrum matched the solar spectrum.
The most work was required to fit the the 13281-Å line (Fig. 2) . In the atlas of Livingston & Wallace (1991) this Mn i line is shown to be blended with a strong Fe i line at 13281.65Å. This Fe i line was not included in the recent Fe i multiplet table of Nave et al. (1994) and therefore I did not have available the excitation potential for this line. In a first attempt, I assigned a value of 5.5 eV and the line was well reproduced with log(gf ) = -0.99. However, I could not fit simultaneously the empirical Fe i and the Mn i lines. So, I thought that the Fe i line would not be the main contributor to the 13281.65-Å solar feature, and I discarded it and tried to fit all the profile as being due only to the Mn i HFS. Then after some adjustment to the A value of the lower level, I obtained the profile shown in Fig. 2 (lower panel) . Livingston & Wallace (1991) used the solar identifications given by Biémont et al. (1985) to assign the 13281.65-A solar feature to Fe i, but the laboratory intensity of that line is weak (Biémont et al. 1985) and hardly it would be the main contributor to that solar absorption line. I suggest that the 13281.65-Å solar feature is mainly a result of Mn i, specifically to the F = 5 to F' = 4 hyperfine component.
In Table 11 the solar A values obtained in this work are compared with the experimental values of White & Ritschl (1930) and Beynon (1977) . Despite the fact I used incompletely resolved line patterns, the solar values are reliable because they were obtained using accurate level splittings for the upper levels given by Kronfeldt et al. (1985) . The solar A values agree better with the earlier determination of White & Ritschl (1930) than with the suggested values given by Beynon (1977) . The estimated uncertainties of the solar A values, as deduced from the solar fits, are given between parenthesis in Table 11 . B interaction constants could not be obtained from the solar fits, but their contribution to the splitting is usually negligible.
The 15159-, 15217-and 15262-Å lines
Even though A interaction constants of the lower levels of these lines are well known, there are no laboratory measurements of the A values for the upper levels. In a first attempt to reproduce the solar profiles, the theoretical A values of Jönsson (Table 11) were employed. The theoretical factors were slightly varied until the best match between synthetic and solar profiles was obtained. In Table 11 the solar A values are compared with the theoretical ones.
In Fig. 3 the fittings are displayed. The blends at 15159.7 and 15216.9Å are due to Fe i.
Other Mn i lines probably present in the Sun
Other Mn i infrared lines which are probably present in the Sun are described here.
The 11613-Å line (e 6 S 5/2 -v 6 P 7/2 ) was identified in the Sun by Swensson et al. (1973) . This very weak line is affected by telluric absorption and it was not possible to perfom a reliable fitting. I found log(gf ) < ∼ -0.40 dex for the main hyperfine component of this line.
In the list of the solar spectrum lines by Ramsauer, Solanki & Biémont (1995) the 16929.85-Å line (e 4 P 3/2 -9p 8 P 5/2 ) was identified as owing to Mn i. Despite the fact that the theoretical oscillator strength given by Kurucz (1995) is very small [log(gf ) = -3.2] and the excitation potential relatively high (6.4 eV), I tried to fit this line. It was necessary to increase by about four orders of magnitude the theoretical oscillator strength in order to fit the solar line depth. I also noted that it was impossible to fit the overall profile of that line using the theoretical interaction constants of Jönsson (A = -0.001 cm −1 and B = 0.003 cm −1 for the e 4 P 3/2 state, and A = 0.025 cm −1 for 9p 8 P 5/2 ). Even with reasonable variations in the A values, it was not possible to fit the profile. So, I suggest that the identification of that feature, given by Ramsauer et al. (1995) , could be wrong.
Using the laboratory line list of Taklif (1990) I identified the 15967 (e 8 D 11/2 -z 8 F 13/2 ), 16707 (e 6 S 5/2 -w 6 P 7/2 ), 17325 (e 6 D 9/2 -w 6 F 11/2 ), 17339 (e 6 D 7/2 -w 6 F 9/2 ) and 17349 (e 6 D 5/2 -w 6 F 7/2 )Å lines in the solar spectrum, but they are severely blended, most of them with unknown contributors, therefore it was not possible to perfom reliable fittings for these lines.
SUMMARY
Applying spectrum synthesis calculations I reproduced successfully the hyperfine pattern of the Mn i near infrared lines present in the J and H bands of the solar spectrum. Using the solar spectrum, new values for five hyperfine interaction constants were obtained.
According to the results given in this work the principal contributor to the 13281.65-Å solar feature is the main hyperfine component F = 5 to F' = 4 and not Fe i. On the other hand, I discard the identification of the 16929.85-Å solar line as resulting from Mn i.
The relative positions and intensities of the hyperfine components were given, and also the oscillator strength and wavelength of the principal component. So, I have obtained all the information that I need about Mn i before starting to analyse accurately the spectrum of other cool stars in the near infrared region. However, laboratory measurements are necessary to improve the accuracy of the energy levels and to determine more accurate HFS splittings. 
